Summary Specimens of 4 marine fish species 3 from genus Trachinotus, T. carolinus, T. falcatus, T. goodei, and 1 from genus Selene, S. vomer belonging to the family Carangidae (Perciformes) were analyzed. All the specimens analyzed inhabit the South/Southeast coast of Brazil, and were sampled from the locality São Sebastião, SP. The 4 species presented 2nϭ48 chromosomes, being the chromosome formula for Selene vomer 46Aϩ2ST, T. carolinus 8MSMϩ40A, T. falcatus 38Aϩ10MSM and T. goodei 4MSMϩ44A chromosomes. The 4 species presented 1 pair of NORs. Small blocks of heterochromatin were found in these 4 species. The karyotypic characteristics of these species were discussed in comparison with other species and populations of Perciformes already analysed. The cytogenetic analysis of fish species is well advanced for the freshwater fish that inhabit Brazilian rivers, and a growing number of species is being analyzed, so that an expressive amount of information is currently available for this group. This fact results in a great amount of data about the evolutionary relationship of species and genera of freshwater species. In some cases, the cytogenetic information associated with molecular markers was used in the description of new species (Albert et al. 1999) . When compared with the amount of data available for freshwater fish species from the Neotropical region, the cytogenetic information about marine fishes from the Brazilian coast is still incipient.
The order Perciformes is the most diversified of all fish orders and the largest order of vertebrates, comprehending 20 suborders, 160 families, 1539 genera and about 10033 species (Nelson 2006) , being marine species 75% of the components of this fish order. The family Carangidae is one of the largest families of Perciformes, with approximately 32 genera, including Trachinotus and Selene, and 140 species (Nelson 2006) . Genus Trachinotus comprehends about 20 species, distributed in the tropical and subtropical areas of all oceans, being the species T. carolinus, T. falcatus and T. goodei, the more widely distributed in these areas (Cunha 1981) . The genus Selene has representatives in the tropical waters of the Atlantic and Pacific oceans, as S. vomer and S. setapinnis, which are also present in the Brazilian coast (Netto 1997) .
The cytogenetic analysis of fish species is well advanced for the freshwater fish that inhabit Brazilian rivers, and a growing number of species is being analyzed, so that an expressive amount of information is currently available for this group. This fact results in a great amount of data about the evolutionary relationship of species and genera of freshwater species. In some cases, the cytogenetic information associated with molecular markers was used in the description of new species (Albert et al. 1999) . When compared with the amount of data available for freshwater fish species from the Neotropical region, the cytogenetic information about marine fishes from the Brazilian coast is still incipient.
In a preliminary analysis of Trachinotus carried out by Zeinad and Almeida-Toledo (1994) the chromosome number and morphology for T. carolinus and T. falcatus were established. Pauls et al. (1998) and Netto et al. (1998) described respectively the karyotype of T. goodei and the chromosome number and formula of Selene volmer. All these analysis were performed using conventional Giemsa staining. However, no data about the C-banding pattern of heterochromatin or nucleolus or-ganizer region (NOR) location are available for these species so far.
Here we present the karyotypes of 3 species of Trachinotus, T. carolinus. T. falcatus and T. goodei and of 1 species of genus Selene, S. volmer, sampled from the coastal region of the State of São Paulo, Brazil, including NOR location and, for the first time, the C-banding pattern of these 4 species.
Material and methods
Specimens of 4 marine fish species 3 from genus Trachinotus, T. carolinus, T. falcatus, T. goodei, and 1 from genus Selene, S. vomer belonging to the family Carangidae (Perciformes) were analyzed. All the specimens analyzed inhabit the South/Southeast coast of Brazil, and were sampled from the locality São Sebastião, SP.
Mitotic chromosome preparations were obtained from kidney cells using the air-drying technique according to Foresti et al. (1981) . Chromosome morphology was determined on the basis of arm ratio, as proposed by Levan et al. (1964) and the chromosomes were classified as metacentrics (M), submetacentrics (SM), subtelocentrics (ST) and acrocentrics (A). The NF (chromosome arm number) was determined, considering metacentric and submetacentric chromosomes as having 2 arms and acrocentric chromosomes, 1 arm. C-banding was performed according to Sumner (1972) and the NOR position was detected after silver staining according to Howell and Black (1980) .
Results

Selene vomer
This species presents 2nϭ48 chromosomes and NFϭ50, being 46 acrocentrics, and 2 subtelocentric chromosomes (Fig. 1a) . The NOR is located interstitially on the short arm of the subtelocentric pair (pair N°1) (Fig. 1a, inset) . Small heterochromatic blocks are located in the pericentromeric region of the NOR-bearing chromosome pair (Fig. 1b) and in the pericentromeric region of the acrocentric chromosomes.
Trachinotus carolinus
This species presents 2nϭ48 chromosomes (NFϭ56), being 8 metacentric/submetacentric chromosomes and 40 acrocentrics (Fig. 2a) . The NORs are located on the short arm of 1 pair of acrocentrics (Fig. 2a, inset) . Small heterochromatic blocks are present at the pericentromeric region of chromosomes and associated to the NORs (Fig. 2b) .
Trachinotus falcatus
This species presents 2nϭ48 chromosomes (NFϭ58), being 38 acrocentrics and 10 metacentric/submetacentric chromosomes (Fig. 3a) . The NOR is located on the short arm of an acrocentric chromosome pair (Fig. 3a, inset) . Small heterochromatic blocks are located on the pericentromeric region of all chromosomes and are also associated with the NORs (Fig. 3b) .
Trachinotus goodei
This species presents 2nϭ48 chromosomes (NFϭ52), being 4 metacentric-submetacentric chromosomes and 44 acrocentric chromosomes (Fig. 4a) . The NOR is located on the short arm of an acrocentric chromosome pair (Fig. 4a, inset) . Small heterochromatic blocks are present in the pericentromeric region of all chromosomes and are also found associated with the NORs (Fig. 4b) . The heterochromatic block associated with NORs present different sizes, probable due to differential ribosomal gene duplication.
Discussion
The present work is a contribution to the karyotypical data on marine fish species, a group that has been relatively less studied than freshwater species. Considering the order Perciformes, karyotipes of approximately 600 species have been analyzed so far, which correspond to 7% of the number of described species for this order (Affonso 2000) ; for the Neotropical species chromosome data are available for about only 100 species (Oliveira 2004) . The chromosome numbers here described for T. falcatus and T. carolinus corroborate the karyotypic formulae of previous data obtained by Zeinad and Almeida-Toledo (1994) . In relation to T. goodei, our data diverge from those obtained by Netto et al. (1998) that proposes the karyotypic constitution of 2Mϩ46A for this species, while our present data indicate 4M/SMϩ44A. This disagreement could be possibly explained by the small size of the chromosomes of this species, a problem that was partially circumvented by the difference in the methodology used in our chromosome preparation that resulted in a better morphological characterization of these very small chromosomes.
A similar problem occurs in relation to S. vomer, in that our results diverge of those obtained by Netto (1997) in relation to the chromosome formula 2MSMϩ46A proposed by this author: the chromosome formula and Fundamental Number found in the present study for this species are 2STϩ46A and NFϭ50. A single NOR pair was detected in the short arm of the subtelocentric chromosome pair in S. vomer in the present analysis, while Netto (1997) described the occurrence of four NORs that were detected both in a submetacentric and one acrocentric chromosome pair.
The presence of a single pair of NOR is considered the basic situation for the majority of the vertebrates. In Perciformes, the presence of a single NOR pair in interstitial position seems to be the most frequent situation (Affonso 2000) . For the genus Trachinotus here studied, however, the NOR is located on the short arm of an acrocentric chromosome pair. Approximately 60% of the perciform species thus far studied show a karyotype characterized by 48 uniarmed chromosomes (Galetti Jr. et al. 2000) . The 3 Trachinotus species here analyzed also presented 2nϭ48 chromosomes and the number of biarmed chromosomes is larger than that from Selene vomer that presents also 2nϭ48 chromosomes and only one pair of biarmed chromosomes. This fact may indicate a tendency for bi-armed chromosomes in Trachinotus, but more data from a larger number of specimens are necessary to test this assumption.
The pattern of heterochromatin distribution after C-banding can be related to the conservative characteristics of Perciformes. Most of species, as the ones in this study, present very few heterochromatin, in small heterochromatic blocks restricted to pericentromeric regions or associated interstitially with NORs (Brum 1996) .
Among the 71 species of Perciformes analyzed in the Neotropical region, the chromosome number varies from 2nϭ24 found in Mugil curema, that presents a large number of biarmed chromosomes, to 2nϭ50 in Priacanthus arenatus, with an expressive predominance of 2nϭ48 in the other species already analysed. The NF varies from NFϭ46, found in species as Micropogonias furnieri with (2nϭ46; NFϭ46), to NFϭ92, found in Stegastes sanctipauli (2nϭ48; NFϭ92) (Oliveira 2004) . Karyotypes with 2nϭ48 and NFϭ48 are considered primitive and this plesiomorphic condition appears to be specially conserved in marine species (Galetti Jr. et al. 2000) . The occurrence of a 2nϭ48 diploid number and the characteristic gradual size variation of the chromosomes in the four species here analyzed, as well as the small size of the chromosomes reinforces the conservation of the character 2nϭ48 in the chromosomal evolution in this group of marine fish. On the other hand, the different chromosome morphology detected in all the 4 species shows that a number of chromosome rearrangements have occurred in the evolutionary story of these fish and the occurrence of biarmed chromosomes is probably due to pericentric inversion events, changing the NF but maintaining the chromosome number 2nϭ48 as a predominant number for the group.
This tendency probably indicates that, in spite of the conservation in chromosome number, many structural rearrangements have occurred in the evolutionary story of these fishes and this may be tested when more resolutive cytogenetic techniques are used in the karyotypic analysis of these species.
